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In this study, we predicted areas vulnerable to ground subsidence near abandoned underground coal mine at Sam-
cheok City in Korea using a probability (frequency ratio) model with Geographic Information System (GIS). To
extract the factors related to ground subsidence, a spatial database was constructed from a topographical map, geo-
logical map, mining tunnel map, land characteristic map, and borehole data on the study area including subsidence
sites surveyed in 2000. Eight major factors were extracted from the spatial analysis and the probability analysis of
the surveyed ground subsidence sites. We have calculated the decision coefficient (R?) to find out the relationship
between eight factors and the occurrence of ground subsidence. The frequency ratio model was applied to deter-
mine each factor's relative rating, then the ratings were overlaid for ground subsidence hazard mapping. The ground
subsidence hazard map was then verified and compared with the surveyed ground subsidence sites. The resuits of
verification showed high accuracy of 96.05% between the predicted hazard map and the actual ground subsidence
sites. Therefore, the quantitative analysis of ground subsidence near abandoned underground coal mine would be
possible with a frequency ratio model and a GIS.
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Aehiglel AR 940l Qe wad Aske
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X A 34670 Aed T 3387071 HFEHUD. o)F
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&g sk ANEEE) disl, GISst SE71%4E ©]
g3l Auksl QARG S AgH o dSsta HAF
&7) Sl =S =9l HF X9 A3} S
A2, ke 7% (intact strength of the rock), &
Y (stress field), A 2AT=, FH74e] Zlol, AFAH
o] W9, &9 FaHAF A2HH 55 o835 ANk
sl PR Gol Hig dlF 7ol AME vl 9o
(Goel & Page, 1982), AF 359 =], A=FFH, &
BAEE ol&3te] A3 JIPENAE St
HPA (National Coal Board, 1975), 58 432
(modified influence function)el] <13+ 2|HEAE o=
HhA (Sheorey ef al., 2000) To] LI HUTE Zvt
ol FHAGNAN F2 AMEHE YA ey
(longwall mining] ¢Jal TAEE I (trough)d 3
sl i3k 9 Wyeloh Fuore B3t AFT=
2 ookt 3k AAE e AR B9 BEE
Sls) YA ks e (slant chute block caving
method) = ZEHSER] A ER (sublevel caving method)
< F2 A7) wiEd 3stEe] 231 Hsl5Adol
BA&3 3HE(sinkhole) Feje] 3yt F2 WA,
olo] wa} Azl AL F= 2% FFLT) Lee
& Moon(1997)& =] =gxdofA 2 FE §
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THTable 1).
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Table 1. Factors affect sink-hole type ground subsidence (Lee, J.I. & Moon, H.G,, 1997).

Occurrence of Ground Subsidence

Progress Ground Collapse

During time after abandoned mine >

- Mechanical character of Rock mass

« Flow of ground water

- Structure of geology (joint, fault, dyke)
- Caving method

« Rate of caving

» Back filling

- Flow of ground water

- Structure of geology

- Rate of cubical expansion
- Rate of mining

» Mining depth
- Height of cavity
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Fig. 1. Study area with mining tunnel and surveyed subsidence sites.
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Table 2. Spatial database of this study area.

A3 FE57) 98k 1:50,000 2o NEAx,
15,000 A¥%, 1:5000 EASAE, 1:1,200 JH=E
2 AEF A8 5 dE(vectondH e IAEE T
23190} Table 2= ZF 9918 E 2y wE]H o]H
dlo]o}(ayer)E LiERATE

AT xde] AE Ase FHAAAEATE
dhad o] 1:50,000 FAA AR FEte] Y2IE
(raster) FElZ wgslglon, AFA Qe A7) &
2Z, eS| TN Y%, T, AES
5 e Aol EAgT B9, 5 FRAIE RN
223 g2 dldl], HEo2REY FH AYE 1m
2¥4 2] W ¥ (puffering) WHE H-E319 H2H I
2 Y. FEAGAHRY 28 FAXER
3o Sy 514 AEE olgsle FXFEXEY
(Digital Elevation Model: DEM)E ZAAsdom,
DEM &E25E g2 BAI=E ALtsle] A= H

Classification Sub-Classification Data type Scale
Ground subsidence Subsidence area Polygon shape -
Contour Line shape
Road Polygon shape
Topographic map Railroad Line shape 1 : 5,000
Building Polygon shape
River Polygon shape
Geological map Geology Pf)lygon shape 1 : 50,000
Fault Line shape
Landuse map Landuse Polygon shape 1: 5,000
Mining tunnel map Mining tunnel Line shape 1 : 1,200
Borehole RMR(RcTc'k Mass Rate) Po?nt shape I : 5,000
Permeability Point shape
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2E HolHE A3 o & B¢ o]8F 5 QU=
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3 Aa=zYH A5 RMR 55 2 9l A15% A
F2RE FA5E FAF 9 A7AG A H9d
el a4idtz] $se] IDW(nverse Distance
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AU% - 93

Weight) WA S ARt Bl2E HlolEHo]AR F
33519tk RMR 539 4% 24 AlF3aA A==
ZHE 5F TN TF R € AT Uk Ha
st} gk F, WAkl %Lakai__i 257 o|Fke

5F % 2 Huth 7= dolEuolas 104
9 53FL 7= 1mx1m 2719 ArcGIS GRID ¥
2 Agsiga, AaaA da 2 Alst A48 Ak
AE 241G A8 Ascii FHAE AT A
9] Az}t A7NE W3 Fo| 694x8FNE F ARG
616,27271 ©]T}.

E ARG AFeaE 2 3 A5E B4
Az, & 209 AFgelAnt Azl A ghg 78
4 otk metA e AEkrE AR e A+
o Aol disl Watst] Aske Azt ARisiele]
FAEAE Fejshel T2t AL BEE & &
A giadol A ALt 58 vlolEwlo] o i}
o GISY 7MY 719+ RizH] 2dS ol g3l A
s 1Y 80% 7| AREAE B3R
BA Az A8 AFAFRD7E 0.8909~0.02062.F
ABAE Qe Aoz et OAE, QEFeE
FH $HAR, QVIAE, @WEXCIE, 6V A%,
(6y3o2RE9] 9 A, (HRMR, @)FAlT 5 F
g QRS Auke L g1ew IHEHUT
(Table 3).

3. Ay

dlwy] wde AUkl WA Aele) $Ed 74 X

Table 3. GIS database including factors related to ground subsidence.

Extracted Factors

Category Referenced Factors in this study Classification of extracted factors

Geology Alluvium/Great Limestone Group /Jangseong Formation/
Hambaegsan Formation

Geology - . .. .
Distance from 10 levels of mining tunnel distance from Om to 554m
Fault

Topography - Slope 10 levels from 0 to 76 degree

Land use - Land use 8 classes by NGII* in Korea

Caving method Depth of mining 9 levels of mining tunnel depth from 4 m to 317m and
Mining Scope of mining tunnel ‘no data’

Inclined degree of caving Distance from

mining tunnel

Tunnel map

10 levels of mining tunnel distance from 0 m to 309 m

Flow of Interpolated
Borehole groundwater permeability
data RMR Interpolated RMR

(Rock Mass Rate)

10 levels from 4.00 to 4.99

10 levels from 3.60 to 4.69

*National Geographic Information Institute
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Table 4. Spatial relationship between ground subsidence and related factors.

Class Domain D(();l) ;un Subsidence SUb?;/(: )e nee Frc;g;?(r)lcy
Alluvium 32787 5.32 1259 23.94 450
Geology Great Limestone Group 234101 37.99 3474 66.07 1.74
Jangseong Formation 130611 21.19 525 9.98 0.47
Hambaegsan Formation 218773 35.50 0 0.00 0.00
0-33 60195 9.77 0 0.00 0.00
33-67 63541 10.31 0 0.00 0.00
67-103 63130 10.24 422 8.03 0.78
103-142 61616 10.00 1747 33.23 332
Distance from Fault 142-184 60849 9.87 1819 34.59 3.50
(Buffer, meter) 184-229 63015 10.23 1270 24.15 2.36
229-278 60803 9.87 0 0.00 0.00
278-331 62587 10.16 0 0.00 0.00
331-389 60410 9.80 0 0.00 0.00
389-554 60126 9.76 0 0.00 0.00
0-5 67345 10.93 2477 47.11 431
5-11 53898 8.75 275 5.23 0.60
11-15 76154 12.36 664 12.63 1.02
15-18 62253 10.10 231 439 0.43
Slope 18-21 62552 10.15 195 3.7 0.37
(degree) 21-25 57375 9.31 352 6.69 0.72
25-29 78656 12.76 191 3.63 0.28
29-34 62833 10.20 480 9.13 0.90
34-41 47362 7.69 233 4.43 0.58
41-76 47844 7.76 160 3.04 0.39
Field 137088 22.24 941 17.90 0.80
Road 18605 3.02 210 3.99 1.32
Hybrid Land 98636 16.01 2363 44.94 2.81
Landuse Plot 4441 0.72 30 0.57 0.79
River 22617 3.67 1608 30.58 8.33
Grave Yard 162 0.03 0 0.00 0.00
Rice Field 77 0.13 0 0.00 0.00
Wood Land 333952 54.19 106 2.02 0.04

Domain: Number of pixels of each class
Domain(%): Domain/total pixels in study area

Subsidence: Number of pixels of subsidence occurrences in each Domain
Subsidence(%): Subsidence/total pixels of subsidence occurrences in study area
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Table 4. Spatial relationship between ground subsidence and related factors(Continued).

Class Domain DC(’(I,Z ;m Subsidence SUbE;/(j )e nee Fri]::i:gcy

4-50 1271 9.07 10 0.19 0.02

50-69 1674 11.94 12 0.23 0.02

69-82 1476 10.53 72 1.37 0.13

82-94 1535 10.95 0 0.00 0.00

Depth of Mining 94-104 2138 15.25 48 0.91 0.06

Tunnel (meter) 104-110 1402 10.00 0 0.00 0.00

111-121 1165 8.31 0 0.00 0.00

121-153 1156 8.25 0 0.00 0.00

153-184 1068 7.62 94 1.79 0.23

184-317 1132 8.08 0 0.00 0.00

0-3 72562 11.77 1345 25.58 2.17

3-9 60515 9.82 1142 2172 2.21

920 61799 10.03 1238 23.55 2.35

20-38 63086 10.24 1132 2153 2.10

Distance from Drift  38-59 61267 9.94 401 7.63 0.77

(Buffer, meter) 59-82 60009 9.74 0 0.00 0.00

82-110 59693 9.69 0 0.00 0.00

110-144 59982 9.73 0 0.00 0.00

144-186 59250 9.61 0 0.00 0.00

186-309 58109 9.43 0 0.00 0.00

4-4.03 84077 13.64 1850 35.18 258

4.03-4.05 62448 10.13 1642 31.23 " 3.08

4.05-4.07 93458 15.17 0 0.00 0.00

4.07-4.09 88047 14.29 0 0.00 0.00

Permeability 4.09-4.13 54674 8.87 0 0.00 0.00

(grade) 4.13-4.19 52956 8.59 43 0.82 0.10

4.19-4.25 47492 7.71 467 8.88 1.15

4.25-4.36 45951 7.46 793 15.08 2.02

4.36-4.44 47730 7.74 140 2.66 0.34

4.44-4.99 39439 6.40 323 6.14 0.96

3.6-3.66 62977 10.22 1347 25.62 251

3.66-3.7 66172 10.74 307 5.84 0.54

3.7-3.73 63177 10.25 130 247 0.24

3.73-3.76 62890 10.20 0 0.00 0.00

3.76-3.85 61880 10.04 0 0.00 0.00

RMR(grade) 3.85-3.97 68938 11.19 0 0.00 0.00

3.97-4.05 64445 10.46 0 0.00 0.00

4.05-4.1 57367 931 171 3.25 0.35

4.1-4.19 57581 9.34 2168 4123 4.41

4.19-4.69 50845 8.25 1135 21.59 2.62
A A el 2 299 TFo] Azl WAYE &S HE Zo|tHB/A). HlEs]7t 1 o HFg 9n
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l Select Study Area |

Abandoned Underground Coal Mine Area at Dogyeri in Samcheok City
{(near Former Koogil Coal Mine)

Y

} Construction of Database |

depth of mining tunnel, .
. o conversion vector data to raster data
distance from mining tunnel

slope calculated from DEM

geology / fault / landuse conversion vector data to raster data

permeability / RMR interpolation of the borehole data

Surveyed subsidence sites raster data for location and extent of subsidence

!
Analysis of relationship between each factor and

Applicati f F Ratio Model
pplication of Frequency o Mode ground subsidence

!

Extract Main Factors

geology, distance from fault, slope, landuse,
depth of the mining tunnel from the surface, distance from the mining tunnel,
permeability, RMR

l

Construction of ground subsidence hazard map

for presumptive ground subsidence using Frequency Ratioc model and GIS
!

Verification of ground subsidence hazard map

comparing with actual ground subsidence areas

Fig. 2. Flow chart of this study.
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Fig. 3. Spatial relationship between subsidence occurrence and related factors.
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Fig. 4. Ground subsidence hazard map using frequency ratio model.
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